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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an image processing device and an image processing method.

2. Description of Related Art

[0002] Image defects such as errors, missing and blots have been detected by reading a printed sheet and checking
the obtained image against a checked reference image.
[0003] In order to reduce false detection due to a slight displacement of an image, defects have been detected such
that a feature point having a unique image characteristic is detected from both images, and the feature value thereof
representing the image characteristic is checked.
[0004] For example, an edge is detected from an image to be checked as a feature point, and the edge direction and
edge intensity of the edge are determined as the feature value (e.g. see JP 2007-156626A).
[0005] On the other hand, the FAST (features from accelerated segment test) is known as a method that detects a
corner as a feature point (e.g. see Machine learning for high-speed corner detection, Edward Rosten, Tom Drummond).
The FAST utilizes machine learning so that a software can detect a feature point at a high efficiency and a high accuracy.
That is, the FAST is optimized in order to increase the speed of the software detection.
[0006] However, determining the feature value of the edge direction requires filtering operations individually for vertical,
horizontal and diagonal directions with respective edge detecting filters, which results in the increased number of oper-
ations. Further, since the feature value of the edge intensity has large data volume, a large storage volume is required
for storing the feature value, which results in an increased cost. Furthermore, another problem is that false detection is
likely to be increased when a noise is included in the surrounding pixels of a target pixel.
[0007] In contrast, the FAST is less influenced by a noise since a feature point is determined based on the surrounding
pixels that are located in a circular pattern at a distance of several pixels from a target pixel. Accordingly, a feature point
having a unique image characteristic can be determined at a high accuracy. However, the FAST is only a technique for
detecting a feature point. To obtain a feature value, an additional step of calculating a unique feature value of the feature
point is required.
[0008] US 2013/0223683 (Jiang et al) describes a method and an apparatus for generating an image description
vector, an image detection method and apparatus. The method for generating an image description vector comprising:
an encoding step of encoding each of a plurality of pixel regions of an image into M pieces of N-bit binary codes, wherein
each bit of an N-bit binary code represents a neighbouring pixel region which is in neighbourhood of a corresponding
pixel region; and a generating step of generating an image description vector of the image based on matching at least
one of the M pieces of N-bit binary code of each pixel region of the plurality of pixel regions with a particular code pattern,
where M is an integer of 3 or larger, and N is an integer of 3 or larger.

SUMMARY OF THE INVENTION

[0009] The invention is defined in the independent claims, and particular embodiments are defined in the dependent
claims. It is an object of the present invention to efficiently calculate the feature value that has small data volume and
provides high accuracy of detecting a target image part.
[0010] In order to realize the above object, according to a first aspect of the present invention, there is provided an
image processing device, including:

a feature point detecting section which detects one or more feature point from an image; and
a feature value calculating section which calculates a feature value of the feature point detected by the feature point
detecting section,
wherein the feature point detecting section includes:

a ternarizing section which sets a pixel of the image as a target pixel and inputs pixel values of the target pixel
and surrounding pixels of the target pixel and which changes each of the pixel values of the surrounding pixels
to one of three signal values based on whether (i) the pixel value of a surrounding pixel is higher than the pixel
value of the target pixel by a first threshold or more, (ii) the pixel value of a surrounding pixel is lower than the
pixel value of the target pixel by the first threshold or more, or (iii) a difference in the pixel value between the
target pixel and a surrounding pixel is less than the first threshold, in which the three signal values represent
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that brightness of a surrounding pixel is brighter or darker than or similar to brightness of the target pixel; and
a determining section that determines the target pixel as the feature point when the number of consecutive
surrounding pixels having a same signal value representing brighter or darker determined by the ternarizing
section among the surrounding pixels is equal to or greater than a second threshold, and

wherein the feature value calculating section calculates feature value components of a plurality of directions from
the target pixel as the feature value of the target pixel by using the signal values of surrounding pixels in the plurality
of directions, in which each of the feature value components is one of the three signal values.

[0011] According to a second aspect of the present invention, there is provided an image processing method, including
steps of:

(a) detecting one or more feature point from an image; and
(b) calculating a feature value of the feature point detected in the step (a),
wherein the step (a) includes steps of:

(a1) setting a pixel of the image as a target pixel and inputting pixel values of the target pixel and surrounding
pixels of the target pixel;
(a2) changing each of the pixel values of the surrounding pixels to one of three signal values based on whether
(i) the pixel value of a surrounding pixel is higher than the pixel value of the target pixel by a first threshold or
more, (ii) the pixel value of a surrounding pixel is lower than the pixel value of the target pixel by the first threshold
or more, or (iii) a difference in the pixel value between the target pixel and a surrounding pixel is less than the
first threshold, in which the three signal values represent that brightness of a surrounding pixel is brighter or
darker than or similar to brightness of the target pixel; and
(a3) determining the target pixel as the feature point when the number of consecutive surrounding pixels having
a same signal value representing brighter or darker among the surrounding pixels is equal to or greater than a
second threshold, and

wherein in the step (b), feature value components of a plurality of directions from the target pixel are calculated as
the feature value of the target pixel by using the signal values of surrounding pixels located in the plurality of directions,
in which each of the feature value components is one of the three signal values.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The present invention will become more fully understood from the detailed description given hereinbelow and
the appended drawings which are given by way of illustration only, and thus are not intended as a definition of the limits
of the present invention, and wherein:

FIG. 1 is a block diagram of an image processing device according to an embodiment of the present invention,
illustrating the schematic configuration thereof;
FIG. 2 illustrates an example of a target pixel and the plurality of surrounding pixels thereof;
FIG. 3 illustrates an example of a characteristic curve used for determining a first threshold;
FIG. 4 illustrates another example of a characteristic curve used for determining a first threshold;
FIG. 5 illustrates a plurality of directions in which feature value components are calculated; and
FIG. 6 is a flowchart illustrating a process of detecting a feature point and calculating the feature value thereof in
an image processing device.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0013] Hereinafter, an embodiment of the image processing device and the image processing method of the present
invention will be described referring to the drawings.
[0014] FIG. 1 is a block diagram of an image processing device 10 according to the present embodiment, illustrating
the schematic configuration thereof based on the functionalities.
[0015] The image processing device 10 detects one or more feature point from an image and outputs a calculated
feature value of the feature point. As well as characters, figures, photographs and the like of an image, other image
parts having a density difference such as blots, stripes and uneven density also have their own image characteristics.
Accordingly, it is possible to carry out check, pattern recognition and the like of the image by using their feature values
output from the image processing device 10.
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[0016] For example, in an image check, the image processing device 10 may detect image defects such as errors,
missing and blots by detecting a plurality of feature points from both of an image formed on a sheet by a coloring material
like a toner and a checked reference image and calculating and comparing the feature values of the detected feature
points. When a pattern recognition is performed to detect, for example, a human image part, the image processing
device 10 can detect a human image part in an image by detecting a plurality of feature points from the image, calculating
the feature values thereof and comparing them against the feature values of feature points on a sample human image
for learning, which are determined beforehand.
[0017] As illustrated in FIG. 1, the image processing device 10 includes a resolution converting section 1, a feature
point detecting section 2 and a feature value calculating section 3. Each of the resolution converting section 1, the feature
point detecting section 2 and the feature value calculating section 3 may be constituted by an LSI (large scale integration)
with a built-in line buffer, etc., or the like.
[0018] In the following, each of the components will be described in detail.
[0019] The resolution converting section 1 converts the resolution of an input image. It is not essential to convert the
resolution of an image. When the resolution is not converted, the resolution converting section 1 directly outputs the
input image to the feature point detecting section 2 without any change.
[0020] The resolution converting section 1 may convert the resolution of an image according to the size of an intended
image part to be detected from the image by using a feature value output from the image processing device 10. This
allows efficient detection of the target image part in an image.
[0021] For example, when an image is formed on a sheet by electrophotography using a toner, a residual toner that
has not been removed due to poor cleaning of a photoreceptor, a transferring body or the like may adhere to the sheet
as a blot. When such blots are a target image part of the detection, the image part to be detected is a clump of toner
powder with a size of approximately 0.1 mm to several mm. Changing the resolution of an image to a value within the
range of 100 dpi to 300 dpi and adapting the size of an evaluation window for detecting a feature point to the size of
such powder clumps makes it easier to detect a blot image part as a feature point. Therefore, the accuracy of detecting
a blot image part is improved.
[0022] When a stripe with a size of several mm, periodical uneven density or the like are a target image part of the
detection, changing the resolution to a value within the range of 10 dpi to 50 dpi can improve the accuracy of detecting
such image parts.
[0023] The feature point detecting section 2 detects one or more feature point from the input image. When the resolution
converting section 1 converts the resolution, the feature point detection section 2 detects feature points from the converted
image.
[0024] As illustrated in FIG. 1, the feature point detecting section 2 includes a ternarizing section 21 and a determining
section 22.
[0025] The ternarizing section 21 sets each pixel of the image as a target pixel and inputs pixel values of the target
pixel and surrounding pixels thereof.
[0026] The surrounding pixels refer to pixels that are located at a distance of 2 pixels or more from the target pixel. It
is preferred that the surrounding pixels are located on a circle centered on the target pixel since a feature point having
a corner characteristic can be detected at a high accuracy. The radius of the circle may have any length of 2 pixels or
more, but it is preferably 3 pixels long since a feature point having a corner characteristic can be detected at a high
accuracy.
[0027] FIG. 2 illustrates an example of the target pixel and the surrounding pixels. In FIG. 2, the target pixel is denoted
as C0, a dashed line is the circle with a radius of 3 pixels centered on the target pixel C0, and sixteen surrounding pixels
on the circle are denoted as C1 to C16.
[0028] The ternarizing section 21 changes each pixel value of the surrounding pixels to one of three signal values,
which represent that the brightness of a surrounding pixel is brighter or darker than or similar to that of the target pixel.
This conversion is made based on whether (i) the pixel value of a surrounding pixel is higher than that of the target pixel
by a first threshold or more, (ii) the pixel value of a surrounding pixel is lower than that of the target pixel by the first
threshold or more, or (iii) the difference in pixel value between the target pixel and a surrounding pixel is less than the
first threshold. The three signal values are 0, 1 and 2, each of which is 2-bit data. As used herein, the difference in pixel
value between the target pixel and a surrounding pixel refers to the absolute value of the difference.
[0029] The conversion by the ternarizing section 21 can be expressed as follows, where D[C0] is the pixel value of
the target pixel C0 in FIG. 2, Th1 is the first threshold (a positive integer), D[k] is the pixel value of the surrounding pixels
C1 to C16 (where k is C1 to C16), R[k] is the signal value of the surrounding pixels C1 to C16 obtained by the conversion.

If D[C0]+Th1 ≤ D[k], then R[k] = 0
If D [C0]-Th1 < D[k] < D[C0]+Th1, then R[k] = 1
If D[k] ≤ D[C0]-Th1, then R[k] = 2
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[0030] In the example of FIG. 2, the surrounding pixels C8 and C12 have the same pixel value as the target pixel C0,
and their pixel values D[k] are each changed to the signal value R[k] of 1. The surrounding pixels C9 to C11 have a pixel
value higher than the target pixel C0 by the first threshold Th1 or more, and their pixel values D[k] are each changed to
the signal value R[k] of 0. The surrounding pixels C1 to C7 and C13 to C16 have a pixel value lower than the target pixel
C0 by the first threshold Th1 or more, and their pixel values D[k] are each changed to the signal value R[k] of 2.
[0031] In the above-described conversion, a higher signal value is assigned to a brighter surrounding pixel relative to
the target pixel. That is, the signal value "2" represents that a surrounding pixel is brighter than the target pixel, the signal
value "1" represents that a surrounding pixel and the target pixel have a similar brightness, and the signal value "0"
represents that a surrounding pixel is darker than the target pixel.
[0032] Alternatively, a higher signal value may be assigned to a darker surrounding pixel relative to the target pixel
according to the following conversion.

If D[C0]+Th1 ≤ D[k], then R[k] = 2
If D[C0]-Th1 < D[k] < D[C0]+Th1, then R[k] = 1.
If D[k] ≤ D[C0] -Th1, then R[k] = 0

[0033] In this conversion, the signal value "2" represents that a surrounding pixel is darker than the target pixel, the
signal value "1" represents that a surrounding pixel and the target pixel have a similar brightness, and the signal value
"0" represents that a surrounding pixel is brighter than the target pixel.
[0034] The ternarizing section 21 may determine the first threshold Th1 according to the pixel value of the target pixel.
This can improve the accuracy of detecting a target image part from the image by using a feature value.
[0035] For example, when a detection target is an image part that has a density close to the maximum level and thus
has a large density difference from the background, such as a solid blot on the white background, the first threshold Th1
that corresponds to the pixel value (%) of the target pixel may be determined according to the characteristic curve of
FIG. 3. In the characteristic curve of FIG. 3, the determined first threshold Th1 becomes large when the pixel value is
at a halftone around 50%. Since a feature point is less likely to be detected from a halftone image part with a larger first
threshold Th1, the sensitivity of detecting blots can be adjusted so that an image part having a density around the
maximum level is likely to be detected as a feature point as much as possible.
[0036] When a detection target is an image part that has a small density difference from the background, such as a
solid blot on the halftone background, the first threshold Th1 that corresponds to the pixel value (%) of the target pixel
may be determined according to the characteristic curve of FIG. 4. In the characteristic curve of FIG. 4, the determined
first threshold Th1 becomes small when the pixel value is at a halftone around 50%. Since a feature point is more likely
to be detected from a halftone image part with a smaller first threshold Th1, the sensitivity of detecting blots can be
adjusted so that a halftone image part that is suspected to be a blot is detected as a feature point.
[0037] In FIG. 3 and FIG. 4, the pixel value (%) is shown in density level ranging from 0% to 100%.
[0038] The determining section 22 determines the target pixel as a feature point when the number of consecutive
surrounding pixels having the same signal value representing "brighter", assigned by the ternarizing section 21 among
the surrounding pixels, is equal to or greater than a second threshold or when the number of consecutive surrounding
pixels having the same signal value representing "darker" is equal to or greater than the second threshold.
[0039] For example, when the surrounding pixels C1 to C7 and C13 to C16 have the signal value R[k] of 2 (brighter)
among the surrounding pixels C1 to C16 in FIG. 2, the number of consecutive surrounding pixels having the signal value
"2" representing "brighter" than the target pixel CO is 11. When Th2 = 11, where Th2 is the second threshold, the number
of consecutive surrounding pixels having the signal value "2" is not less than the second threshold Th2. Accordingly,
the determining section 22 determines the target pixel C0 as a feature point.
[0040] The feature value calculating section 3 calculates the feature value of the one or more feature point detected
by the feature point detecting section 2.
[0041] Specifically, the feature value calculating section 3 calculates feature value components of a plurality of direc-
tions as the feature value of the target pixel by using the respective signal values of surrounding pixels in the plurality
of directions. Each feature value component is one of the three signal values.
[0042] The feature value calculating section 3 may set the signal values of all of the surrounding pixels as the feature
value components of the respective directions from the target pixel to all of the surrounding pixels.
[0043] In the above-described surrounding pixels C1 to C16, the signal values R[k] of the surrounding pixels C1 to
C16 may be set as the feature value components of sixteen directions W1 to W16 from the target pixel C0 to the
surrounding pixels C1 to C16 as illustrated in FIG. 5. For example, the feature value component of the direction W1 is
the signal value R[C1] of the surrounding pixel C1, and the feature value component of the direction W2 is the signal
value R[C2] of the surrounding pixel C2. Since each feature value component of one direction is a 2-bit data as with the
signal value, the total data volume of a feature value becomes as small as 32 bits even when the feature value includes
data of all of the directions W1 to W16.
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[0044] The number of the plurality of directions in which the feature value calculating section 3 calculates the feature
value components may be reduced to be lower than the number of the surrounding pixels.
[0045] For example, the feature value components may be calculated only in the eight directions W2, W4, W6, W8,
W10, W12, W14 and W16 among the sixteen directions W1 to W16 in FIG. 5.
[0046] This can reduce the data volume of the feature value and thus the volume of the storage for the feature value.
Therefore, it becomes possible to reduce the cost.
[0047] It is preferred that angles between adjacent directions among the plurality of directions for calculating the feature
value are the same.
[0048] In this case, the feature value components can be obtained in every constant angle and thus are prevented
from a directional bias. Therefore, it is possible to obtain the feature value that provides the high accuracy of detecting
a target image part. In the case of four directions for example, when the directions of feature value components are the
directions W1, W2, W4 and W15 that have uneven angles with adjacent directions, there is no feature value component
that represents an image characteristic of a down direction. In contrast, when the directions of the feature value com-
ponents are the directions W2, W6, W10 and W14 in 90 degrees angular intervals, the obtained feature value components
represent the image characteristics in all directions. Therefore, the accuracy of detecting a target image part by using
the feature value is improved.
[0049] When the number of the plurality of directions of the feature value components is fewer than the number of the
surrounding pixels, the feature value calculating section 3 may set the feature value components of the plurality of
directions as the signal values of the surrounding pixels located at the respective directions.
[0050] For example, the feature value components of the directions W2, W6, W10 and W14 in FIG. 5 may be determined
as the signal values R[k] of the respective surrounding pixels C2, C6, C10 and C14 in the directions W2, W6, W10 and W14.
[0051] The feature value calculating section 3 may set the most frequent signal value among the signal value of a
surrounding pixel in a direction in which the feature value component is calculated and other surrounding pixels in a
predetermined distance from the surrounding pixel as the feature value component of the direction.
[0052] In this case, the feature value component in each direction can be calculated by integrating the signal values
of surrounding pixels located around the direction. Therefore, even when the surrounding pixels include a noise, the
influence of the noise on the feature value can be reduced.
[0053] For example, to obtain the feature value component of the direction W7 in FIG. 5, the most frequent signal
value R[k] is selected as the feature value component of the direction W7 from the signal values R[C6] to R[C8] of the
surrounding pixel C7 in the direction W7 and the surrounding pixels C6 and C8 included in a circle of a 1-pixel radius
centered on the surrounding pixel C7. When the signal values R[C6] and R[C7] are 2 and the signal value R[C8] is 1,
the most frequent signal value R[k] is 2. Accordingly, the feature value component of the direction W7 is set to 2.
[0054] Alternatively, the feature value calculating section 3 may set a weighted average of the signal values of a
surrounding pixel in a direction in which the feature value component is calculated and other surrounding pixels located
in a predetermined distance from the surrounding pixel as the feature value component in the direction.
[0055] Also in this case, the feature value component in each direction can be calculated by integrating the signal
values of surrounding pixels located around the direction. Therefore, the influence of a noise included in the surrounding
pixels on the feature value can be reduced.
[0056] For example, to calculate the feature value component of the direction W7 in FIG. 5, the weighted average of
the signal values R[C6] to R[C8] of the surrounding pixel C7 in the direction W7 and the surrounding pixels C6 and C8
included in a circle of a 1-pixel radius centered on the surrounding pixel C7 is calculated as follows as the feature value
component F[W7] of the direction W7. 

[0057] When it is preferred that the feature value component largely reflects the signal value of the surrounding pixel
in the same direction, the weight of the surrounding pixel C7 located in the direction of the feature value component may
be set to the highest value among the surrounding pixels C6, C7 and C8 as in the above expression for calculating the
weight average.
[0058] When it is preferred that the feature value component evenly reflects the signal value of the surrounding pixel
in the same direction as well as the signal values of other surrounding pixels around the direction, the average of the
signal values may be obtained. In the above expression, the weights of the surrounding pixels C6, C7 and C8 are
changed to an even ratio of 1:1:1 so that the average of the signal values R[k] is calculated as the feature value component
F[W7] of the direction W7.
[0059] It is preferred that the feature value calculating section 3 rounds off the weighted average of the signal values
to the nearest number and sets the feature value component of each direction as the rounded value. By rounding off,
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the feature value components can be expressed as a data in the form of a power of two, which can be easily handled
by hardware. Further, this can avoid a decrease of the accuracy of detecting a target image part, which is caused by
rounding down the weighted average to the nearest number.
[0060] FIG. 6 illustrates a process of detecting the feature point and calculating the feature value in the image processing
device 10.
[0061] As illustrated in FIG. 6, in the image processing device 10, when it is determined to convert the resolution of
an image (Step S1, Y), the resolution converting section 1 coverts the resolution of the image (Step 2), and the process
continues with Step S3. If it is determined not to convert the resolution (Step S1, N), the process continues with Step
S3 without conversion of the resolution by the resolution converting section 1.
[0062] The ternarizing section 21 selects the first pixel among the pixels of the image as a target pixel and inputs the
pixel values of the target pixel and surrounding pixels thereof (Step S3). If the resolution converting section 1 has
converted the resolution, the converted image is used for the input.
[0063] Then, when the pixel value of a surrounding pixel is higher than that of the target pixel by the first threshold or
more, the ternarizing section 21 changes the pixel value of the surrounding pixel to the signal value "0", which represents
that the brightness is darker than that of the target pixel. When the pixel value of a surrounding pixel is lower than that
of the target pixel by the first threshold or more, the ternarizing section 21 changes the pixel value of the surrounding
pixel to the signal value "2", which represents that the brightness is brighter than that of the target pixel. When the
difference in the pixel value between the target pixel and a surrounding pixel is less than the first threshold, the ternarizing
section 21 changes the pixel value of the surrounding pixel to the signal value "1", which represents that the brightness
is similar to that of the target pixel (Step S4). Alternatively, as described above, the signal value "0" may represent
"brighter" and the signal value "2" may represent "darker".
[0064] When the number of consecutive surrounding pixels having the signal value "0" or "2", which has been changed
by the ternarizing section 21, among the surrounding pixels is equal to or greater than the second threshold, the deter-
mining section 22 determines the target pixel as a feature point (Step S5).
[0065] If the target pixel is determined as a feature point, the feature value calculating section 3 calculates the feature
value components of a plurality of directions from the target pixel as the feature value of the target pixel by using the
signal values of surrounding pixels located in the plurality of directions (Step S6). As described above, the feature value
components may be calculated in all of the directions from the target pixel to the surrounding pixels, or the feature value
components may be calculated in fewer directions than all of the directions.
[0066] If the detection of the feature point and the calculation of the feature value have not performed on all pixels of
the image (Step S7, N), the process returns to Step S3 and repeats Step S3 to Step S6 on the next unprocessed pixel
as the target pixel. If the detection of the feature point and the calculation of the feature value has performed on all pixels
of the image (Step S7, Y), the process ends.
[0067] As described above, the image processing device 10 of the present embodiment includes the feature point
detecting section 2 which detects one or more feature point from an image, and the feature value calculating section 3
which calculates the feature value of the one or more feature point detected by the feature point detecting section 2.
The feature point detecting section 2 includes the ternarizing section 21 and the determining section 22. The ternarizing
section 21 sets each pixel of the image as a target pixel and inputs pixel values of the target pixel and surrounding pixels
thereof and changes each of the pixel values of the surrounding pixels to one of the three signal values, which represents
that the brightness of a surrounding pixel is brighter or darker than or similar to that of the target pixel, based on whether
(i) the pixel values of a surrounding pixel is higher than that of the target pixel by the first threshold or more, (ii) the pixel
value of a surrounding pixel is lower than that of the target pixel by the first threshold or more, or (iii) the difference in
pixel value between the target pixel and a surrounding pixel is less than the first threshold. The determining section 22
determines the target pixel as the feature point when the number of consecutive surrounding pixels having the same
signal value representing brighter or darker determined by the ternarizing section 21 among the surrounding pixels is
equal to or greater than the second threshold. The feature value calculating section 3 calculates the feature value
components of a plurality of directions from the target pixel as the feature value of the target pixel by using the signal
values of surrounding pixels in the plurality of directions, in which each of the feature value components is one of the
three signal values.
[0068] With this configuration, a feature point of a corner, in which brighter or darker surrounding pixels than the target
pixel continues, can be detected at a high accuracy. Further, the signal values of surrounding pixels that are obtained
in detecting the feature point can be utilized in calculating the feature value. Therefore, the calculation can be performed
efficiently. Since the feature value is composed of the feature value components of a plurality of directions, it is possible
to provide the feature value that represents the characteristics of the image well. Therefore, the accuracy of detecting
a target image part by using the feature value can be improved. Since the feature value is one of the three signal values,
each feature value component of one direction can be a small 2-bit data. Therefore, it is possible to reduce the storage
volume required to store the feature value and thus to achieve a cost reduction.
[0069] The above-described embodiment is merely a preferred example of the present invention, and the present
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invention is not limited to the embodiment. Suitable changes can be made without departing from the scope of the
present invention.
[0070] For example, the above-described process may be written as a program, and a computer such as a CPU
(central processing unit) may read out the program to perform the process so that the feature point and the feature value
are determined by means of software processing.
[0071] A non-volatile memory such as a ROM and a flash memory, a portable recording medium such as a CD-ROM,
and the like are applicable as a computer-readable medium for the program. Further, a carrier wave is also applicable
as a medium for providing the data of the program through a communication line.

Claims

1. An image processing device, comprising:

a feature point detecting section which detects one or more feature point from an image; and
a feature value calculating section which calculates a feature value of the feature point detected by the feature
point detecting section,
wherein the feature point detecting section comprises:

a ternarizing section which sets a pixel of the image as a target pixel and inputs pixel values of the target
pixel and surrounding pixels of the target pixel, the surrounding pixels lying on a circle around the target
pixel, and which changes each of the pixel values of the surrounding pixels to one of three signal values
based on whether (i) the pixel value of a surrounding pixel is higher than the pixel value of the target pixel
by a first threshold or more, (ii) the pixel value of a surrounding pixel is lower than the pixel value of the
target pixel by the first threshold or more, or (iii) a difference in the pixel value between the target pixel and
a surrounding pixel is less than the first threshold, in which the three signal values represent that brightness
of a surrounding pixel is brighter or darker than or similar to brightness of the target pixel; and
a determining section that determines the target pixel as the feature point when the number of consecutive
surrounding pixels having a same signal value representing brighter or darker determined by the ternarizing
section among the surrounding pixels is equal to or greater than a second threshold, and

wherein the feature value calculating section calculates feature value components of a plurality of directions
from the target pixel as the feature value of the target pixel by using the signal values of surrounding pixels in
the plurality of directions, in which each of the feature value components is one of the three signal values.

2. The image processing device according to claim 1, wherein the number of the plurality of directions is fewer than
the number of the surrounding pixels.

3. The image processing device according to claim 2, wherein the feature value calculating section determines a most
frequent value among the signal value of a surrounding pixel in a direction in which the feature value component is
calculated and the signal values of other surrounding pixels located in a predetermined distance from the surrounding
pixel as the feature value component of the direction.

4. The image processing device according to claim 2, wherein the feature value calculating section determines a
weighted average of the signal value of a surrounding pixel in a direction in which the feature value component is
calculated and the signal values of other surrounding pixels located in a predetermined distance from the surrounding
pixel as the feature value component of the direction.

5. The image processing device according to claim 4, wherein the feature value calculating section rounds off the
weighted average to a nearest number.

6. The image processing device according to any one of claims 1 to 5, wherein the ternarizing section determines the
first threshold according to the pixel value of the target pixel.

7. The image processing device according to any one of claims 1 to 6, further comprising:

a resolution converting section which converts a resolution of the image according to a size of an image part
to be detected from the image by using the feature value,
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wherein the feature point detecting section detects the feature point from the image converted by the resolution
converting section.

8. The image processing device according to any one of claims 1 to 7, wherein angles between adjacent directions
among the plurality of directions are same.

9. An image processing method, comprising steps of:

(a) detecting one or more feature point from an image; and
(b) calculating a feature value of the feature point detected in the step (a),
wherein the step (a) comprises steps of:

(a1) setting a pixel of the image as a target pixel and inputting pixel values of the target pixel and surrounding
pixels of the target pixel, the surrounding pixels lying on a circle around the target pixel;
(a2) changing each of the pixel values of the surrounding pixels to one of three signal values based on
whether (i) the pixel value of a surrounding pixel is higher than the pixel value of the target pixel by a first
threshold or more, (ii) the pixel value of a surrounding pixel is lower than the pixel value of the target pixel
by the first threshold or more, or (iii) a difference in the pixel value between the target pixel and a surrounding
pixel is less than the first threshold, in which the three signal values represent that brightness of a surrounding
pixel is brighter or darker than or similar to brightness of the target pixel; and
(a3) determining the target pixel as the feature point when the number of consecutive surrounding pixels
having a same signal value representing brighter or darker among the surrounding pixels is equal to or
greater than a second threshold, and

wherein in the step (b), feature value components of a plurality of directions from the target pixel are calculated
as the feature value of the target pixel by using the signal values of surrounding pixels located in the plurality
of directions, in which each of the feature value components is one of the three signal values.

Patentansprüche

1. Eine Bildverarbeitungsvorrichtung, die Folgendes umfasst:

einen Merkmalspunkt-Erfassungsabschnitt, der einen oder mehrere Merkmalspunkt aus einem Bild erfasst; und
einen Merkmalswert-Berechnungsabschnitt, der einen Merkmalswert des durch den Merkmalspunkt-Erfas-
sungsabschnitt erfassten Merkmalspunktes berechnet,
wobei der Merkmalspunkt-Erfassungsabschnitt umfasst:

einen Ternarisierungs-Abschnitt (ternarization section), der ein Pixel des Bildes als Zielpixel setzt und
Pixelwerte des Zielpixels und der umgebenden Pixel des Zielpixels eingibt, wobei die umgebenden Pixel
auf einem Kreis um das Zielpixel herum liegen, und der jeden der Pixelwerte der umgebenden Pixel auf
einen von drei Signalwerten ändert, basierend darauf, ob (i) der Pixelwert eines umgebenden Pixels um
einen ersten Schwellenwert oder mehr höher ist als der Pixelwert des Zielpixels, (ii) der Pixelwert eines
umgebenden Pixels um den ersten Schwellenwert oder mehr niedriger ist als der Pixelwert des Zielpixels,
oder ob (iii) eine Differenz im Pixelwert zwischen dem Zielpixel und einem umgebenden Pixel kleiner als
der erste Schwellenwert ist, wobei die drei Signalwerte darstellen, dass die Helligkeit eines umgebenden
Pixels heller oder dunkler als oder ähnlich der Helligkeit des Zielpixels ist; und
einen Bestimmungsabschnitt, der das Zielpixel als Merkmalspunkt bestimmt, wenn die Anzahl der aufein-
anderfolgenden umgebenden Pixel mit einem gleichen Signalwert, der, durch den Ternarisierungsabschnitt
bestimmt, unter den umgebenden Pixeln heller oder dunkler darstellt, gleich oder größer als ein zweiter
Schwellenwert ist, und
wobei der Merkmalswert-Berechnungsabschnitt Merkmalswertkomponenten einer Vielzahl von Richtungen
aus dem Zielpixel berechnet als Merkmalswert des Zielpixels, unter Verwendung der Signalwerte von
umgebenden Pixeln in der Vielzahl von Richtungen, wobei jede der Merkmalswertkomponenten einer der
drei Signalwerte ist.

2. Die Bildverarbeitungsvorrichtung nach Anspruch 1, wobei die Anzahl der Vielzahl von Richtungen kleiner ist als die
Anzahl der umgebenden Pixel.
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3. Die Bildverarbeitungsvorrichtung nach Anspruch 2, wobei der Merkmalswert-Berechnungsabschnitt einen häufigs-
ten Wert unter dem Signalwert eines umgebenden Pixels in einer Richtung bestimmt, in der die Merkmalswertkom-
ponente berechnet wird, und die Signalwerte anderer umgebender Pixel in einem vorbestimmten Abstand vom
umgebenden Pixel als die Merkmalswertkomponente der Richtung.

4. Die Bildverarbeitungsvorrichtung nach Anspruch 2, wobei der Merkmalswert-Berechnungsabschnitt einen gewich-
teten Mittelwert des Signalwertes eines umgebenden Pixels in einer Richtung bestimmt, in der die Merkmalswert-
komponente berechnet wird, und die Signalwerte anderer umgebender Pixel, die in einem vorbestimmten Abstand
vom umgebenden Pixel angeordnet sind als Merkmalswertkomponente der Richtung.

5. Die Bildverarbeitungsvorrichtung nach Anspruch 4, wobei der Merkmalswert-Berechnungsabschnitt den gewichte-
ten Mittelwert auf eine nächstliegende Zahl abrundet.

6. Die Bildverarbeitungsvorrichtung nach irgendeinem der Ansprüche von 1 bis 5, wobei der Ternarisierungs-Abschnitt
den ersten Schwellenwert gemäß dem Pixelwert des Zielpixels bestimmt.

7. Die Bildverarbeitungsvorrichtung nach irgendeinem der Ansprüche von 1 bis 6, die ferner Folgendes umfasst:

einen Auflösungskonvertierungsabschnitt, der eine Auflösung des Bildes, entsprechend einer Größe eines
Bildteils, das aus dem Bild zu erfassen ist, unter Verwendung des Merkmalswertes konvertiert,
wobei der Merkmalspunkterfassungsabschnitt den Merkmalspunkt aus dem durch den Auflösungskonvertie-
rungsabschnitt konvertierten Bild erfasst.

8. Die Bildverarbeitungsvorrichtung nach irgendeinem der Ansprüche von 1 bis 7, wobei die Winkel zwischen benach-
barten Richtungen aus der Vielzahl von Richtungen gleich sind.

9. Ein Bildverarbeitungsverfahren, das die folgenden Schritte umfasst:

(a) Erfassen eines oder mehrerer Merkmalspunkte aus einem Bild; und
(b) Berechnen eines Merkmalswertes des im Schritt (a) erfassten Merkmalspunktes,
wobei Schritt (a) folgende Schritte umfasst:

(a1) Setzen eines Pixels des Bildes als Zielpixel und Eingeben von Pixelwerten des Zielpixels und umge-
bender Pixel des Zielpixels, wobei die umgebenden Pixel auf einem Kreis um das Zielpixel liegen;
(a2) Ändern jedes der Pixelwerte der umgebenden Pixel in einen von drei Signalwerten, basierend darauf,
ob (i) der Pixelwert eines umgebenden Pixels um einen ersten Schwellenwert oder mehr höher als der
Pixelwert des Zielpixels ist, (ii) der Pixelwert eines umgebenden Pixels um den ersten Schwellenwert oder
mehr niedriger ist als der Pixelwert des Zielpixels, oder ob (iii) eine Differenz im Pixelwert zwischen dem
Zielpixel und einem umgebenden Pixel kleiner als der erste Schwellenwert ist, wobei die drei Signalwerte
darstellen, dass die Helligkeit eines umgebenden Pixels heller oder dunkler als oder ähnlich der Helligkeit
des Zielpixels ist; und
(a3) Bestimmen des Zielpixels als Merkmalspunkt, wenn die Anzahl der aufeinanderfolgenden umgebenden
Pixel mit gleichem Signalwert, der heller oder dunkler unter den umgebenden Pixeln darstellt, gleich oder
größer als ein zweiter Schwellenwert ist, und

wobei im Schritt (b) Merkmalswertkomponenten einer Vielzahl von Richtungen aus dem Zielpixel als Merkmals-
wert des Zielpixels unter Verwendung der Signalwerte von umgebenden Pixeln, die in der Vielzahl von Rich-
tungen angeordnet sind, berechnet werden, wobei jede der Merkmalswertkomponenten einer der drei Signal-
werte ist.

Revendications

1. Dispositif de traitement d’images, comprenant :

une section de détection de points caractéristiques qui détecte un ou plusieurs points caractéristiques à partir
d’une image ; et
une section de calcul de valeurs caractéristiques qui calcule une valeur caractéristique du point caractéristique
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détecté par la section de détection de points caractéristiques,
dans lequel la section de détection de points caractéristiques comprend :

une section de ternarisation qui définit un pixel de l’image comme un pixel cible et entre des valeurs de
pixel du pixel cible et des pixels voisins du pixel cible, les pixels voisins se trouvant sur un cercle autour
du pixel cible, et qui change chacune des valeurs de pixel des pixels voisins par une parmi trois valeurs
de signal sur la base du fait que (i) la valeur de pixel d’un pixel voisin est supérieure ou égale à un premier
seuil à la valeur de pixel du pixel cible, (ii) la valeur de pixel d’un pixel voisin est inférieure ou égale du
premier seuil à la valeur de pixel du pixel cible, ou (iii) une différence dans la valeur de pixel entre le pixel
cible et un pixel voisin est inférieure au premier seuil, dans lequel les trois valeurs de signal représentent
le fait que la luminosité d’un pixel voisin est plus forte ou plus faible que la luminosité du pixel cible ou
similaire à celle-ci ; et
une section de détermination qui détermine le pixel cible comme le point caractéristique lorsque le nombre
de pixels voisins consécutifs ayant une même valeur de signal représentant une luminosité plus forte ou
plus faible déterminée par la section de ternarisation parmi les pixels voisins est supérieur ou égal à un
second seuil, et
dans lequel la section de calcul de valeurs caractéristiques calcule des composantes de valeur caractéris-
tique d’une pluralité de directions à partir du pixel cible comme la valeur caractéristique du pixel cible au
moyen des valeurs de signal de pixels voisins dans la pluralité de directions, chacune des composantes
de valeur caractéristique étant l’une des trois valeurs de signal.

2. Dispositif de traitement d’images selon la revendication 1, dans lequel le nombre de la pluralité de directions est
plus petit que le nombre des pixels voisins.

3. Dispositif de traitement d’images selon la revendication 2, dans lequel la section de calcul de valeurs caractéristiques
détermine une valeur la plus fréquente parmi la valeur de signal d’un pixel voisin dans une direction dans laquelle
la composante de valeur caractéristique est calculée et les valeurs de signal d’autres pixels voisins se trouvant à
une distance prédéterminée du pixel voisin comme la composante de valeur caractéristique de la direction.

4. Dispositif de traitement d’images selon la revendication 2, dans lequel la section de calcul de valeurs caractéristiques
détermine une moyenne pondérée de la valeur de signal d’un pixel voisin dans une direction dans laquelle la
composante de valeur caractéristique est calculée et des valeurs de signal d’autres pixels voisins se trouvant à une
distance prédéterminée du pixel voisin comme la composante de valeur caractéristique de la direction.

5. Dispositif de traitement d’images selon la revendication 4, dans lequel la section de calcul de valeurs caractéristiques
arrondit la moyenne pondérée à un nombre le plus proche.

6. Dispositif de traitement d’images selon l’une quelconque des revendications 1 à 5, dans lequel la section de terna-
risation détermine le premier seuil selon la valeur de pixel du pixel cible.

7. Dispositif de traitement d’images selon l’une quelconque des revendications 1 à 6, comprenant en outre :

une section de conversion de résolution qui convertit une résolution de l’image selon une taille d’une partie
d’image devant être détectée à partir de l’image au moyen de la valeur caractéristique,
dans lequel la section de détection de points caractéristiques détecte le point caractéristique à partir de l’image
convertie par la section de conversion de résolution.

8. Dispositif de traitement d’images selon l’une quelconque des revendications 1 à 7, dans lequel des angles entre
des directions adjacentes parmi la pluralité de directions sont identiques.

9. Procédé de traitement d’images, comprenant des étapes de :

(a) détection d’un ou plusieurs points caractéristiques à partir d’une image ; et
(b) calcul d’une valeur caractéristique du point caractéristique détecté à l’étape (a),
dans lequel l’étape (a) comprend des étapes de :

(a1) définition d’un pixel de l’image comme un pixel cible et entrée de valeurs de pixel du pixel cible et des
pixels voisins du pixel cible, les pixels voisins se trouvant sur un cercle autour du pixel cible ;



EP 2 993 622 B1

12

5

10

15

20

25

30

35

40

45

50

55

(a2) changement de chacune des valeurs de pixel des pixels voisins à une parmi trois valeurs de signal
sur la base du fait que (i) la valeur de pixel d’un pixel voisin est supérieure ou égale d’un premier seuil à
la valeur de pixel du pixel cible, (ii) la valeur de pixel d’un pixel voisin est inférieure ou égale du premier
seuil à la valeur de pixel du pixel cible, ou (iii) une différence dans la valeur de pixel entre le pixel cible et
un pixel voisin est inférieure au premier seuil, dans lequel les trois valeurs de signal représentent le fait
que la luminosité d’un pixel voisin est plus forte ou plus faible que la luminosité du pixel cible ou similaire
à celle-ci ; et
(a3) détermination du pixel cible comme le point caractéristique lorsque le nombre de pixels voisins con-
sécutifs ayant une même valeur de signal représentant une luminosité plus forte ou plus faible parmi les
pixels voisins est égal ou supérieur à un second seuil, et

dans lequel à l’étape (b), les composantes de valeur caractéristique d’une pluralité de directions à partir du
pixel cible sont calculées comme la valeur caractéristique du pixel cible au moyen des valeurs de signal de
pixels voisins se trouvant dans la pluralité de directions, chacune des composantes de valeur caractéristique
étant une parmi les trois valeurs de signal.
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